Introduction
The destruction of habitats and establishment of invasive species are matters of concern, for the conservation of global diversity (pimentel et al. 2000; vitousek et al. 1997) . some studies conducted in north american agricultural ecosystems show that the arrival of exotic species of coccinellid was followed by declines in the numbers of native species (Brown 2003; turnock et al. 2003; alyokhin and sewell 2004; evans 2004) . however, the consequences of successful establishment of exotic species are still poorly known (soares et al. 2007; koch and galvan 2008) . a review of multi-year surveys of coccinellid populations (harmon et al. 2007 ) indicated it is difficult to conclude that exotic species have had a negative effect on the abundance of native species, due mainly to the high variability in coccinellid population densities from year to year. nevertheless, changes in coccinellid assemblage and declines in the abundances of some native species in different ecosystems are recorded. in eastern canadian agricultural systems exotic lady beetles are dominant (up to 89% of the coccinellids encountered) and since their arrival, Hippodamia tredecimpunctata tibialis (say), a previously common native species, has almost disappeared from these habitats (lucas et al. 2007a) .
The asian lady beetle Harmonia axyridis (pallas) has been particularly well studied in the past few years. Because H. axyridis is an effective generalist predator of aphids it has been repeatedly introduced into countries throughout the world for biological control purposes. in north america, this species was introduced in 1916 (gordon 1985) , first became established in louisiana in 1988 and first recorded in Quebec (canada) agroecosystems in 1994 (coderre et al. 1995) . eastern canadian agroecosystems were invaded previously by two exotic coccinellid species, Propylea quatuordecimpunctata l., in the 1960s (gordon 1985) and Coccinella septempunctata l. in 1973 Coccinella septempunctata l. in (larochelle 1979 . however, only ten years after the arrival of H. axyridis it became one of the dominant exotic species in most perennial and annual crops (5 to 64% of the coccinellids encountered) in eastern canada (lucas et al. 2007a ). This species is also recorded in many types of ecosystems like areas forested with aspen, birch, willow and fir (Berthiaume et al. 2000) and even in urban areas (labrie et al. 2008) . many developmental and behavioural traits of this species may have contributed to its invasive success. compared to the indigenous Coleomegilla maculata lengi timberlake (coleoptera: coccinellidae) the larvae of H. axyridis develop faster, are more voracious and search more efficiently, which may account for its invasiveness in eastern canada (labrie et al. 2006) . some negative effects of introducing exotic species are reported: competitive suppression, competitive displacement of native natural enemies and suppression of non-target prey species (simberloff and stiling 1996; Williamson 1996; alyohin and sewell 2004; evans 2004). dominanCe of the multiColoured asian lady Beetle harmonia axyridis in an undisturBed wild meadow eCosystem competitive displacement is defined, as "the removal of a formerly established species from a habitat through superior use, acquisition, or defence of resources by another species" (reitz and trumble 2002). related to this competitive response, some authors refer to the Habitat compression hypothesis (evans 2000; evans 2004; alyokhin and sewell 2004; Finlayson et al. 2008; gardiner et al. 2009; kajita and evans 2009) and speculate that native species retreat and remain dominant in non-agricultural habitats in response to the arrival of exotic lady beetles. habitat compression could be the result of either exploitative competition, when exotic species significantly reduce aphid populations in agricultural habitats, or of intraguild predation of native ones by invasive species. evans (2000) found that even though C. septempunctata is broadly distributed across the agricultural landscapes in utah (usa), it is not as dominant in natural habitats (3% of the total assemblage), where Coccinella tranversoguttata Faldermann and other native species are dominant. it is possible, however, that exotic species may spread less rapidly in un-fragmented landscapes and that the complexity of some communities acts as a buffer against invasion (tilman 1997; sakai et al. 2001) .
The aim of the present study was to characterize the coccinellid assemblage in an undisturbed wild meadow ecosystem and evaluate whether it is dominated by exotic or native species. Based on the study of evans (2000; 2004) it was postulated that native species would numerically dominate H. axyridis and other exotic lady beetles. if this is the case then it would signify that undisturbed natural ecosystems may act as refuges for native lady beetles.
Material and Methods study site
This research was conducted on saint-Bernard island (45° 23′ n, 73° 45′ o), a protected area 30 km south-west of montreal (Quebec, canada) (Fig. 1) . The island, located on the saint-louis lake, consists of 250 hectares of several different ecosystems edged on south and east shores by the chateauguay river (50 to 100 m wide). For this study, the wild meadow ecosystem, which makes up approximately on third of the island, was surveyed. 
Plant species
The survey was conducted mainly on S. canadensis infested with aphids (hemiptera: aphididae). This species was selected because it is very common throughout summer. Furthermore, several different species of aphids are commonly found on these plants: Uroleucon nigrotuberculatum (olive) and Uroleucon caligatum (richards). There were also other plants infested with aphids: A. syriaca, P. australis and C. arvense, and these species were also included in the 2009 survey. in 2010 only S. canadensis was surveyed because there was a great density and diversity of coccinellids on this plant species.
sampling
The wild meadow was surveyed weekly from may to october in 2009 and 2010. Depending on the sampling period, up to five samples of 50 plants in the same area of each species of host plant were selected. The plants chosen were infested with aphids (colonies of more than 50 aphids). species, development stage and abundance of the different coccinellids were recorded by visual observation.
statistical analysis
although all the coccinellid species observed were recorded, the analysis was limited to aphidophagous lady beetles. two species were excluded from the analysis (Psyllobora vigintimaculata (say) and Chilocorus . seven different species were recorded, including the exotic P. quatuordecimpunctata, C. septempunctata and H. axyridis and the indigenous C. maculata and Hippodamia convergens guérin-méneville. considering the results for all the host plants in 2009, H. axyridis was the dominant species (69% of the total coccinellid assemblage), followed by C. maculata (14%) (Fig. 2) . exotic species made up 84% of the coccinellid assemblage and C. septempunctata and P. quatuordecimpunctata account, respectively, for 10% and 5%. The native coccinellid H. convergens made up only 2% of the total assemblage. in 2009, 462 coccinellids were recorded. H. axyridis was the dominant coccinellid making up 50% of the total coccinellid assemblage and was significantly more abun-dant than any other species (table 1 and Fig. 3 ). The highest percentage of H. axyridis was recorded on July 7th, when it made up 79% of the coccinellid assemblage, and the lowest percentage on august 19th, when it made up 21% of the assemblage (Fig. 4) . on four different occasions during the sampling season (July 23rd, august 19th, sept. 10th and 17th) H. axyridis was not the dominant species. Coleomegilla maculata and C. septempunctata were the second and third most dominant exotic species making up, respectively, 20% and 19% of the total coccinellid assemblage. The comparison of the numbers of exotic vs. native species revealed that the exotic species were significantly more abundant (Wilcoxon matchedpairs signed-ranks test: S. canadensis 2009: Z = 195.5; n = 32; p < 0.0001) (Fig. 6) .
in 2010, 267 coccinellids were recorded. H. axyridis was the dominant coccinellid making up 67% of the total coccinellid assemblage and significantly more abundant than any other species (table 1 and Fig. 3 ). The highest percentage of H. axyridis was recorded on september 21st, when it made up 100% of the coccinellid assemblage, and the lowest percentage on July 29th, when it made up 32% of the assemblage (Fig. 4) . on two different occasions during the sampling season (July 14th and 29th) H. axyridis was not the dominant species. Coccinella septempunctata and P. quatuordecimpunctata were the second and third most dominant exotic species, making up, respectively, 18% and 15% of the total coccinellid assemblage. Hippodamia convergens, a native species, was not recorded. The comparison of the numbers of exotic vs. native species revealed that exotic species were significantly more abundant (Wilcoxon matched-pairs signed-ranks test: S. canadensis 2010: Z = 189; n = 27; p < 0.0001) (Fig. 6) .
A. syriaca: When this plant was surveyed in 2009 a total of 587 coccinellids were recorded. Harmonia axyridis was the dominant coccinellid making up 78% of the total assemblage and was significantly more abundant that any other species (table 1 and Fig. 3 ). The highest percentage of H. axyridis was recorded on august 19th, when it made up 85% of the coccinellid assemblage, and the lowest percentage on July 23rd, when it made up 43% of the assemblage (Fig. 5) . Harmonia axyridis was the more abundant species recorded throughout the sampling season. Coleomegilla maculata was the second most dominant species making up 12% of the total coccinellid assemblage. The comparison of the numbers of exotic vs. native species revealed that the exotic species were significantly more abundant (Wilcoxon matched-pairs signedranks test: Z = 152; n = 26; p < 0.0001) (Fig. 6) . european Journal of environmental sciences, Vol. 1, no. 1 dominance of the multicoloured asian lady beetle 11
Mean abundance P. australis and C. arvense: These species were surveyed in 2009. aphids and coccinellids were mainly recorded on P. australis from the end of July to mid-august. of the 140 coccinellids recorded, H. axyridis was the dominant coccinellid making up 88% of the total assemblage and was significantly more abundant than any other species (table 1 and Fig. 3 ). The comparison of the numbers of exotic vs. native species revealed that the exotic species were significantly more abundant (Wilcoxon matched-pairs signed-ranks test: Z = 60; n = 15; p < 0.0001) (Fig. 6) . aphids and coccinellids were mainly recorded on C. arvense from the end of september to the beginning of october. of the 46 coccinellid recorded, H. axyridis was the dominant species making up 67% of the total assemblage. Coccinella septempunctata (15% of the assemblage) and H. convergens (13% of the assemblage) were the second and third most dominant species.
Discussion
in the undisturbed wild meadow system, exotic species were more abundant than native species, on all the species of plants surveyed. Furthermore, the multicoloured asian lady beetle numerically dominated the coccinellid assemblages. That is, these results do not support the hypothesis that native species of coccinellids are likely to numerically dominate exotic species in natural habitats. according to the considerable difference between exotic and native populations, there is also no evidence that native lady beetles have retreated to non-agricultural habitats in response to the arrival of exotic lady beetles. in the united states, studies on the abundance of native and exotic coccinellids have revealed similar results. Finlayson et al. (2008) , in a study conducted at different locations in maine (agricultural and non-agricultural habitats), found that native lady beetles abundance was never higher than that of exotic species in any habitat. Furthermore, there was a strong correlation between native and exotic lady beetle abundances in terms of habitat preference. in another study, gardiner et al. (2009) compared the density of lady beetles recorded in different types of landscape (forest and grassland) surrounding soybean fields in iowa, michigan, minnesota and Wisconsin. at all locations, exotic lady beetles were more abundant than native species. however, H. axyridis was more abundant in forested landscape and native species (H. convergens and C. maculata) most numerous in grassland habitats. These authors discuss the possibility that different types of perennial grassland, such as pasturelands, restored meadows and abandoned old fields may better support native species. in the current study, the presence of forested area near the wild meadow could have favoured arboreal lady beetles such as H. axyridis. nevertheless, there was not a higher percentage of native species in the wild meadow. Furthermore, there was a higher percentage of exotic species in this wild meadow than in many agricultural habitats in eastern canada (lucas et al. 2007a) . This is in contrast with the findings of evans (2000; 2004) , where the native species still dominated a native riparian habitat but declined in alfalfa fields, invaded by the exotic species, C. septempunctata. however, these studies differ in certain respects: 1) The state of utah (usa) where evans conducted his research is very different in terms of ecosystem and climatic conditions from eastern canada (the present study) and the state of maine (usa) (Finlayson et al. 2008) ; 2) The main invader in the two studies differed. in the study of evans, C. septempunctata was the most abundant exotic lady beetle, which in the current study made up only 10% of the total assemblage dominated by H. axyridis, which was not present in the system studied by evans. in fact, H. axyridis appears to be very aggressive and is reported as an intraguild predator of C. septempunctata (hironori and katsuhiro 1997; yasuda et al. 2004; Ware and majerus 2007) . consequently, the invasion by H. axyridis resulted in many cases of C. septempunctata being displaced from its dominant position (Brown and miller 1998; turnock et al. 2003; alhmedi et al. 2010) ; 3) invasion is a dynamic process. at the time of the surveys by evans (2000; 2004) , C. septempunctata may not have spread to unperturbed habitats (Finlayson et al. 2008) . it would be interesting to look at the current situation of C. septempunctata and other exotic species in utah.
it is clear from the present study, that fifteen years after its arrival in eastern canada, the multicoloured asian lady beetle is well established in most types of ecosystems, including undisturbed areas. in fact, this exotic species was recorded on all the plants sampled and on many other plants infested with aphids. Harmonia axyridis was abundant in 2009 and produced several generations at different times on different hosts. For example, at the beginning of the summer there were hundreds of larvae on willows, feeding on chrysomelid larvae. The great ability of this species to feed and reproduce successfully under an array of different conditions, in an array of different habitats may have facilitated the rapid expansion of the range of this invader in north america. genetic polymorphism, short development time, high fecundity and low susceptibility to pathogens are some of the important traits that may be involved in this process (soares et al. 2007; alhmedi et al. 2010) . as the asian lady beetle has come to dominate agricultural, forest, urban and undisturbed open ecosystems in eastern canada we are wondering what will stop the expansion of this exotic lady beetle. in eastern canada, the climatic conditions and the landscape structure are usually not suitable for outdoor overwintering of H. axyridis. however, the presence of houses has allowed its northern geographical expansion, as these refuges provide cold-free space (labrie et al. 2008) . in this context, it is postulated that the 50° parallel in eastern canada will constitute an approximate northern limit for this species, since above this limit, cities are scarce and distant one from each other, and isolated houses relatively rare in the landscape.
The establishment of the eurytopic and polyphagous asian lady beetle in new environments may generate some positive and negative effects. First, the survival of native lady beetles and other species is a matter of concern, as they may be threatened. The results presented indicate that even though the exotic species were an important part of the coccinellid assemblage in 2009, C. maculata, a native species, was the second most dominant species (14% of the total assemblage). although C. maculata has a lower predation and searching efficiency than H. axyridis (labrie et al. 2006) , this species seems to be less affected by the invasion of the asian lady beetle compared to other native species (cottrell and yeargan 1998). in fact, the abundance of this native coccinellid could be the result of niche partitioning, since C. maculata is usually restricted to the lower parts of plants and so avoids competition with H. axyridis, which is mainly found on the upper parts (musser and shelton 2003; hoogendoorn and heimpel 2004; lucas et al. 2007a ). For example, in 1978, C. maculata made up 24% of the coccinellid assemblage in southern Quebec cornfields (coderre, unpubl. data). Thirty years later, this species is still one of the dominant species, making up 8 to 74% of the coccinellids recorded in different agricultural ecosystems in eastern canada (lucas et al. 2007a) . nevertheless, other native species seem to be more affected by the presence of H. axyridis, then C. maculata. The high mobility, large size, aggressive behaviour and better searching efficiency of H. axyridis may promote its success in different types of interactions (pell et al. 2007; soares et al. 2007 ). intraguild predation (michaud 2002; yasuda et al. 2004 ) and exploitative competition (evans 2004) are the two main ecological mechanisms likely to have resulted in the local extinction or displacement of native species. a review of 24 studies on the effect of H. axyridis on competitors, indicates that more than half reported a negative effect (lucas et al. 2007b; soares et al. 2007 ). For example, in north america H. axyridis appears to have had a negative effect on the abundance of the following native species: Brachiacantha ursina F., Chilocorus stigma say and Cycloneda munda say (Brown and miller 1998). moreover in Japan, H. axyridis, is a native species, and has limited the establishment of the exotic Adalia bipunctata (l.) (sakuratani et al. 2000; kajita et al. 2006 ). This generalist predator may also attack other natural enemies when target prey are unavailable or scarce and potentially reduce guild diversity. For example, H. axyridis feeds on various stages of predatory species, such as Chrysoperla carnea stephens and Aphidoletes aphidimyza rondani (phoofolo and obrycki 1998; gardiner and landis 2007), but currently it is not clear whether H. axyridis has a negative effect on the abundance of these species (Brown 2003) . Furthermore, H. axyridis also preys upon the eggs and larvae of the protected monarch butterfly (Danaus plexippus l.) (koch et al. 2003) . Finally, another consequence of the dominance of H. axyridis, is its effect on different pest species: aphids, mites, chrysomelid larvae, etc. a review of 27 studies on H. axyridis as a biocontrol agent indicates that it has been effective in controlling 16 different pest species (lucas et al. 2007b; soares et al. 2007 ). For example, there has been a significant decline in the abundance of aphids in many crops since the arrival of the exotics C. septempunctata and H. axyridis (alyokhin et al. 2004; evans 2004) . This diminution in prey density in agricultural habitats could indirectly affect the relative abundance of the different species, especially native species (evans and youssef 1992; evans 2004) . in the present study, there was a considerable difference in the number of native lady beetles on S. canadensis in the two years, with only one individual found in 2010. This may be due to the marked difference in the weather and aphid densities in the two years (warmer summer, with lower aphid densities in 2010). regarding this research, it is difficult to account for the differences in the relative abundance of the natives and long-term studies are clearly needed to determine whether H. axyridis will expand further into other habitats, and whether it will thereby affect other native species.
conclusion
Based on the present study, there is no evidence that undisturbed ecosystems would serve as natural refuges for native lady beetles. according to some authors, few communities are impenetrable to invasion by exotic species (usher 1988; lodge 1993) . The disturbance of natural communities by human activities may lead to successful colonization by exotic species, especially reduction in habitat complexity (simberloff 1989; vitousek et al. 1996; reitz and trumble 2002) . consequently, fragmented and perturbed habitats are often more susceptible to invasion. For example, extensive and repeated releases of H. axyridis in several agricultural habitats may have contributed to its success (soares et al. 2007) . however, at a large time scale, some eurytopic and polyphagous exotic lady beetles, such as H. axyridis, may colonize most types of ecosystems, including undisturbed ones. For the development of more effective conservation strategies a better understanding of the mechanisms and the lag period observed during the invasion process is required.
